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c;ENfc:f^AL  or  rnYtSAXiA 

Final  Report  Covering  the  Period 
Frofg  August,  1960  thrtr^ugh  July,  1964 

The  objective  of  this  Frcgr^;  during  the.  period  covered 
by  this  report  vss  to  investigate  the  general  biology  of  Fhy g a li a . 

It  proposed  to  concentrate  re^^earch  forts  on  tr^o  ssajor 

aspects  of  the  general  ptobiera:  first,  the  secretion  of  g^s 

into  the  float,  and  second,  the  nature  and  circulation  of 

the  gas tro vascular  fluid.  The  results  and  our  conclusions 

re  1  a 1 1  ng  to  the  e ompo s i  1 1  o a  and  of  f c rma t i on  of  the  ga n 

within  the  pneumatophore  were  described  in  a  report  to  the  Office 

of  Naval  Research  in  Hay  1962,,  and  in  the  paper  by  Clark  and  Lane  (1)  . 

In  this  report,  attention  was  directed  to  the  unexpected  composition 

of  the  gas,  consisting  up  to  15%  of  carbon  monoxide*  Various 

attempts  were  made  to  study  tlie  rate  of  secretion  of  the  gas 

under  various  conditions. 

The  organism  has  been  particularly  resistant  to  all  our 
attempts  to  maintain  it  successfully  in  culture,  hence,  any  long 
tirae  experimental  attack  on  the  problem  of  gas  secretion  has 
been  prevented. 

Gas  in  the  float  occurs  under  pressure  of  only  a  few  millimeters 
of  water  above  atmospheric  pressure.  On  rare  occasions,  Phy salla 
have  been  observed  to  valve  out  gas,  permitting  the  organism  to 
sink  below  the  surface,  Re^ inflation  of  such  forms  has  not  been 


oD Served . 


IMLILW-JLUU. 


The  coissposl tlar».  of  flo«t  gas  varies  const dera>>ly  from 
organtaia  to  orgjnlma,  suggesting  that  gas  isecretion  Is  probably 
discontinuous  in  nature?  ^nd  suggesting  further  that  secrat^d 
gas  Is  rapidly  diluted  by  diffusion  of  attaoapheric  cotsponents 
into  the  float.  The  composition  of  float  gases  in  a 
of  auissali^'  is  shown  in  Table  I.  analyses  were  dona  with 

the  Scholsnder  one-half  cubic  analysis  ^ppsratua. 

Gas  was  withdrawn  by  hypoderaiic  syringe  frota  sub<aerged  individuals 
to  avoid  con£«alnation  with  attsiospheric  air,  Tha  syringe  barrels 
were  veil-oiled  In  advance  of  analysis.  The  gas  was  transferred 
under  positive  pressure  into  gas  sampling  bottles  where  it  vae 
maintained  under  o^rcury.  !>upllcat€  analy^^es  of  the  sasie  samples 
varied  less  than  5%. 

Since  suitable  s^thods  for  maintaining  Fhyj^alla  under 
laboratory  conditions  could  not  be  established*  we  were  unable 
to  investigate  the  nature  of  precursor  materials  involved  in 
gas  secretion  ^  vivo ,  and  all  our  attempts  at  an  ^  vitro 
cultivation  of  gas  gland  were  unsuccessful/  It  is  apparent 

^hysallc  and  certain  other  Slphonophores  illustrate  an 
unusual  biochemical  sequence  asa>ng  animals*  Leading  to  the 
secretion  of  carbon  monoxide  against  significant  hydrostatic 
pressure.  The  mechanism  of  secretion  «^nd  a  detailed  biochemical 
pathway  for  this  synthesis  remain  to  be  described. 

Gas tr ova scalar  fluid 

The  individual  polyps  of  Phy sails  nrc  intcrconr.ec ted  by  a 


corsfnon  gas trovesc ular  cavity  (Fig.  1)  *  lined  throughout  by 


gas trodertsal  epl tnel ,  This  space  i%  nn  extension  of  the 
cavtcy  in  the  functional  go^trossoolds  through  which  It  cofo^uni 
cates  with  surrounding  ssa  water.  During  feeding,  prey  is 
Ingested  by  tte  gastrosooids  m\d  ia  partly  dissolved  by 

r-BCifeXlul^r  hydralyrlc  enrymes  .  Tb^  gaf  tro^ooid  contains 
a  characteristic  valvular  structure  at  baiie  consfistlng 
ot  three  co  five  Intetdlgltatlrig  ^^ogleal  plates »  covered  by 
gastroderaiis  (Fig,  I).  The  spaces  between  these  plates  in 
fixed  material  aver^^ges  about  50^.  Particulate  material  larger 
than  500  1@  probably  retained  in  the  ga^tro^ooid.  Sffiall<er 
particles  w^y  he  flushed  through  this  ‘'filter^®  into  the  general 
gas tro vascular  cavity  where  they  .^re  ingested  by  phagocytic 
gaatroderaal  cells.  Terminal  stages  of  digestion  are  thug 
comple ted  intracellularly . 

In  the  living  animal  the  longer  fishing  tentacles  display 
a  continuous  cycle  of  alternating  contraction  and  relaxation. 
Ei3ch  tentacle  Is  hollow  throughout:  Its  length.  The  cavity 
consaunic ating  with  the  general  gastrovascular  cavity  is  filled 
with  gastrovascul ar  flijid.  As  one  tentacle  contracts,  gastro^ 
vascular  fluid  is  forced  from  ir  into  the  central  reservoir  and 
thence  Into  ocher  tentacles.  Extension  of  the  tentacle  is 
thus  accompli  shed  largely  by  hydr?«ulic  means.  In  this  way,,  a 
primitive  kind  of  circulation  is  establislved  by  which  gastro** 
vascular  fluid  is  pumped  from  tentacle  to  tentacle  and  through 
Che  connecting  gastrovascvvlar  spaces  of  the  entire  organism. 


Slncfe*  gascrovascular  fluid  p^rvade^j  the  entire  anla>6!  , 
it  h^c^-t  c-f  .'K>^  con^idersble  interest  to  us  tc  dett^mlne 
cot^fK>sltia*n .  G.^i?trOVSgcul,ar  fluid  may  he  extfeicted  frotrj 
Fhys#lx*  by  ir!§«ri:lng  a  micropipette  Into  tte  Ivi^u  of  a 
t'lBhlng  tent^cl^,  is  an  ofreratlon  of  considerable 

dtli  cacy ,  lince  th^-  dl«m  t^r  o  f  this  space  rarely  exceed  a 
5C^  at  th^  bidm  of  float  >  A  major  reservoir,  however, 

aaparat^s  cos^^on^nts  of  the  float  and  provides 

accaa^  to  sailllllter  of  gsstrc^va^cular  fluid. 

Coll^sct^d  g^stro%*«scular  fltild  qi^ickly  fto^an  on  solid 
ctrlK^n  dioxide  and  stored  *lcr  C  In  s^al^sd  cont^lnf^ts  until 

It  could  ba  analysed,  Na»  Ga,  and  Hg  v^re  determined  by 

fla*Bfe  photc^try.  Oai^tic  detetislnatlon  were  dona  cryoscopically 
on  of  about  ID  ?-l.  Chromatographic  analyses  of  gastro- 

vascular  fluid  included  ascending  one ''dls^-ns Ions  1  separaclons 
on  paper  »nd  m&xno  acid  aeparationa  on  coluisns  of  ion  exchange 
resinii,  A  siicro-Kjeldahl  isathod  waa  essployed  for  total  nitrogen. 
Horizontal  electrophoresis  w^^s  conducted  in  acrylatside  g\m  in 
O.I  M  phosphate  buffer  at  pH  6.S  for  105  minutes  at  350  V  and 
120  mA^  The  proKli^te  coisposition  of  Fl^salla  gas trovasciilar 
fluid  is  shown  in  Table  II >  free  amino  acid  composition  In  Table  III 
and  inorganic  coiRf^sltion  in  Table  IV. 

Representative  one*di®ensional  chromatograsis  of  untreated 


whole  gestrovtscaler  fluid  are  shown  In  Fig.  2,  and  a  representative 
^Ino  acid  spectrin  is  shown  in  Fig.  3. 


Wl ic n  first,  wit iid r  ^vn  ^  g i? s ?:  to v scalar  1 1  u  i d  55 

a  f  Bint  blulgh  color.  Tills  color  is  discharged  when  the 
saiTtp I  e  i  ^  s liakCi n  with  n  i  t  r o xen  ,  end  r t  u rn  s  on  r  r  i  an  . 

This  obs^erx^stloru  combined  ^Ith  the  high  conceritraCion  of  copper 
^h^o's^n  in  Tsble  IV^  suggested  n  copp^sr ^protisin  cossplex,  similar 
to  h^tsocy anln «  Samples  of  g^stro vascular  fluid  dialys^ed 

against  distilled  water  and  the  copper  concsntriitlons  of  the 
solutions  on  either  sidci  of  the  dialysis  ?s?eG3brane  were 
s^^paratel}^  terai ned .  Copper  occurred  in  equal  concentrations 

in  the  two  salutions.  Thus  if  a  copper*-protei^^  coisplex  doea 
occ-ur  it  is  easily  disrupted.  Certainly  no  bonding  such  as  is 
found  in  hr:t3ocy anin  occurs  Irs  Phy salla  gsstrova Jocular  fluid. 

It  is  unlikely  chat  a  respiratory  plgi^^nt  such  a  a  he^ocy^nln 
plays  any  essential  role  in  the  norrsal  physiology  of  Fliy^alia , 
Table  IV  show§?  the  Iron  content  of  gasitrovascular  fluid  to  be 
considerably  higher  tb^n  in  sea  water.  When  of  gastro* 

vascular  fluid  were  exaajlned  by  esiission  spec  trograph^y . 
exceedingly  high  c o nc e n t r a t i o n s  of  bo ron  were  o hse. r ve d . 

Ph a r Di sc o  1  o .gy  of  P by ^ a  1 1  a  toxin 

}  1  ^ 

Our  earlier  -studies  (Lane  and  I)odge*',  Lsne'  ,  Lane  _sl  , 
and  Lav>e^)  were  limited  to  a  dete  mi  nation  of  acute  toxic!  ty 
after  intravenous  injection  of  r.cxln  solution  in  mice  or  other 
experxisientsU  anisjals.  The  recent  acquisition  of  a  Gra#s 
polygraph  has  saade  It  possible  for  the  first  tisse  to  dlnsact 
this  acute  toxicity  by  measuring  various  plty.slological  parats^tei's 


in  experimenc al  animals.  Because  of  tteir 


a r  r  Biz^  ^  we  h«  v e 


employed  the  laboratory  rat  as  a  test  animal .  Speciasens  betveen 
200  and  250  grama  wight  arc  anesthetized  with  Nembutal  and 
lOTK)bilia:ed  on  a  suitable  rack.  Electrocardiographic  electrodes 
are  attached  to  both  foreltebs  and  to  the  left  rear  leg.  Tne 
external  jugular  vein  is  exposed  and  toxin  administered  directly 
into  this.  Various  dcssges  betveen  65  and  500  mg/kllo  have  been 
a<^inistared  to  a  series  of  27  rats.  The  general  result  of  such 
injection  is  a  functional  disruption  of  the  conducting  syat^n  of 
the  heart  occurring  vithln  3-5  seconds  of  completion  of  the 
injection^  leading  first  to  a  functional  separation  of  atrium 
and  ventricle^  suppression  of  the  P  vave ,  various  rapidly  cransien 
anomalies  in  theqits  coa^lex,  i^nd  terminal  ventricular  fibrillation 
(Fig.  4)*  This  observation  on  the  rats  suggests  a  possible 
explanation  for  the  single  human  fatality  that  we  have  so  far  been 
able  to  authenticate  following  a  Physalia  episode  in  man. 

toxin  in  solution  Is  permitted  to  stand  at 
room  temperature,  it  loses  75%  of  Its  Initial  biological 
activity  within  6  hours.  This  suggests  that  our  crude  toxin 
prepar.it ion  may  also  corttaln  an  enzyme  system  which  destroys 
it  under  proper  conditions  of  tetaperature  and  dilution* 

Our  present  studies  seek  to  test  this  hypothesis.  When 
cnxde  lyophllized  toxin  is  treated  with  dinitrof luorobenzene 
and  the  resulting  product  is  chromatographed  on  paper,  a 
single  amino  terminal  ^ma^no  acid  is  detected.  This  temlnal 
amino  group  in  what  must  be  a  straight  chain  peptide  Is  arginine. 


Future  studies  will  include  the  enusM^retion  end  identl ticetion 


of  terminal  amino  groups  In  toxin  after  inactivation  In  solution 
at  room  temperature ,  to  establish  whether  additional  emlno 
terminal  groups  are  uncovered.  The  effects  of  various  enzysuB 
Inhibitors  will  also  be  investigated, 
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TABLE  I 


CCMPOSITION  OF  FLOAT  GAS  OF  PHYSALIA 


SWfPLE 

%  O2 

%  CQ 

XN 

1 

16.976 

6.074 

76.950 

2 

16.808 

5,412 

77.730 

3 

17.563 

2.620 

79.817 

4 

16.277 

2.660 

81.063 

5 

18.749 

1.285 

79.967 

6 

17,563 

2.626 

79.966 

7 

16.277 

2,660 

79.811 

8 

19 . 320 

.712 

79.968 

9 

20.775 

.211 

79.014 

10 

17.437 

3.371 

79.192 

11 

14.723 

5.552 

79.725 

12 

20.893 

1.246 

77.861 

AVERAGE 

17,78 

2.89 

79.26 

TABLE  II 

AVERAGE  PROXIMATl  CCMKJSITION 
OF  PIKSALIA  GAST1«)VASCULAR  FLUID 


WATER  929.6  mg/al 

TOTAL  SOLIDS: 

Ash  10.76  mg /ml 

Protein  28.75 

Free  Aalno  Acids  8.75 


Imidentif  ied 


22.14 


70.4 


TABLE  III 


AVERAGE  COHCKNTRATION  OF 
iS^INO  ACIDS  IN  PHYSALIA 


TCKIN 

;j5Boles/rag 

CAPSULE 

;X9ol€a/ffl8 

GASTROVASCUL.AJR 
FLUID,  jisKfles/ml 

CY$ 

Trace 

Trace 

0.199 

ASP 

.104 

1.033 

14.65 

THR 

.049 

.876 

8.82 

SER 

.072 

.491 

9.52 

GLU 

.715 

1.069 

15,22 

PRO 

.189 

3.195 

1.68 

GLY 

.161 

7.445 

11.99 

AXA 

.156 

5.379 

9.91 

VAL 

.070 

1.065 

4,43 

CYST 

.024 

0.752 

1.50 

MET 

.016 

0.631 

2.19 

ILEU 

.056 

.719 

4.30 

LEU 

.071 

.559 

5.65 

TYR 

.031 

.199 

1.80 

PHE 

.039 

.228 

3.28 

NHj 

0.683 

6.191 

14.19 

LY3 

.040 

.377 

5. 28 

HIS 

120 

.467 

2.07 

ARG 

.027 

.154 

3.96 

HYPPJ? 

2.440 

-  - 

table  IV 


CCMPOSITIDN  OF  PHYSALIA  HASTROVASCULAR  FLUID 


COMPARED  ifITH  SEA  WATER  --  (sig/tii-er) 


ELEMENT  SEA  WATER  GASTROVASCUtiUR  FLUID 


Na 

10,561 

8,046 

K 

380 

1,287 

Ca 

400 

252 

Mg 

1  ,272 

568 

Sr 

13. 

39 

Si 

4.0 

465 

B 

4.6 

5.3 

A1 

0.5 

34 

Ba 

0.05 

<8.5 

Fe 

0.02 

38 

2n 

0.005 

<8.5 

Cn 

O.Ol 

5.3 

Hn 

O.Ol 

0.71 

Ho 

0.002 

-0.85 

Hi 

0.0005 

<1.77 

A« 

0.0003 

<0.85 

Co 

0.0001 

<-0.85 

V 

0.0003 

<0.85 

Cr 

Present 

-1.77 

T1 

Present 

6.2 

One '■dimens  tonal  chrosiatogr  amj?  of  separat:e 

untreated  gastrovascnleir  fluid  s dimples. 
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